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Abstract. Open questions concerning strangeness production in heavy-ion collisions are
discussed with a focus on the experimental aspects. The open points are presented in the
context of recent measurements.
1 Introduction
The following is an attempt to compile a list of the most important open topics concerning strangeness
production in heavy-ion physics. This list is seen from an experimentalist point-of-view (the theory
perspective is discussed in [1]) and is also naturally incomplete and biased. In order to not get lost in
the many facets of strangeness physics, the questions will be limited to those belonging to four main
subjects: energy dependence of strangeness enhancement in nucleus-nucleus collisions, understand-
ing of small systems, strangeness production at low energies and hyperon-interaction & hypernuclei.
2 Energy dependence of strangeness enhancement
It has been established already quite a while ago that the production of strange particles is significantly
enhanced in heavy-ion reactions relative to elementary proton-proton collisions (for a review see [2]).
Usually, the enhancement factor E is defined as:
E =
2
Npart
(
dN(AA)
dy
∣∣∣∣∣
y=0
) /(
dN(pp)
dy
∣∣∣∣∣
y=0
)
(1)
It is a remarkable fact that E decreases significantly when going from SPS energies to the very high
energies available at the LHC. E.g. for the Ω− E is found to be around 20 at √sNN = 17.3 GeV [3],
∼ 12 at √sNN = 200 GeV [4] and only ∼ 6 at √sNN = 2.76 TeV [5], as illustrated in Fig. 1. While
the enhancement factor has been measured for essentially all multi-strange (anti-)particles at these
energies, data are still quite scarce for these rare particles at energies below √sNN = 17.3 GeV. An
interesting exception is the measurement of Ξ− production in Ar+KCl collisions at 1.76A GeV beam
energy by the HADES collaboration (left panel of Fig. 2) [6]. HADES also has studied the production
of φmesons at these sub-threshold energies (right panel of Fig. 2) [7]. The data are in so far remarkable
as also here an enhancement of the rare strange particles is observed. The Ξ−/(Λ + Σ0)-ratio is found
to be much larger than the statistical model expectation and the φ/K−-ratio rises dramatically towards
very low energies.
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Figure 1. The enhancement factors for multi-strange (anti-)particles as a function of the number of participants
Npart as measured at the SPS [3], RHIC [4] and LHC [5].
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Figure 2. The Ξ−/(Λ + Σ0)-ratio (left panel, [6]) and the φ/K−-ratio (right panel, [7]) as a function of the
centre-of-mass energy as measured in central heavy-ion collisions.
Taking these observations together, one finds that the strangeness enhancement, in particular for
rare multi-strange (anti-)particles, exhibits a quite complicated energy dependence. As sketched in
Fig. 3 there is evidence for a strong increase at sub-threshold energies and it has been established that
there is a strong enhancement at intermediate (i.e. SPS energies) energies, which slowly decreases
again towards high energies (i.e. RICH and LHC). It remains an open question if there is any evidence
for an onset of strangeness enhancement between low and intermediate energies. This should happen
in a region where sub-threshold phenomena (dashed line) do not play a role any more and the partonic
Figure 3. Sketch of the energy dependence of the enhancement factor of rare multi-strange (anti-)particles.
degrees of freedom (solid line) are becoming more and more effective. It might also very well be
that there is no discernible onset visible, due to additional hadronic medium effects (dotted line) (e.g.
multi-step hadronic reactions, resonances, multi-meson fusion processes, etc.). However, it is obvious
that high quality data of rare particles in the energy range below √sNN ∼ 10 GeV would be highly
relevant (see also [8]) in order to answer the following questions:
• What is the energy dependence of strangeness enhancement over the whole energy region, in par-
ticular for multi-strange (anti-)particles?
• Could there be an onset somewhere?
• To what extend can hadronic effects cause a strangeness enhancement at intermediate energies (SPS
and below)?
• Do we understand the dramatic effects at sub-threshold energies?
• Or, in other words, can finally a direct connection between strangeness enhancement and QGP
formation be established?
3 Understanding of small systems
Small systems play a key role for the understanding of strangeness production in heavy-ion collisions.
The decrease of the strangeness enhancement factor between SPS and LHC energies, as discussed
in the previous section, is actually not caused by a decrease of the yields in heavy-ion collisions.
In fact, they are already close to the statistical model expectation at top SPS-energies and increase
only slightly towards higher energies. However, the yields of multi-strange particles increases much
stronger in pp collisions than in AA (see left panel of Fig. 4). For instance, one finds that the Ξ/pi
ratios are almost the same at RHIC and LHC in central AA collisions, while this ratios increase
significantly in pp collisions. Thus, the decrease of the strangeness enhancement is due to a release of
the strangeness suppression in pp with increasing energies.
This phenomena can also be investigated by comparing pp collisions of different reaction violence
at high energies. This is done by selecting pp event classes of different charged particle multiplicity
Figure 4. Left: the Ξ−/pi and Ω/pi ratios in pp and AA collisions as a function of 〈Npart〉 [5]. The lines correspond
to statistical model predictions (solid line [9], dashed line [10]). Right: the yield ratios of strange particles and
pions measured in pp, pA and AA collisions at the LHC as a function of dNch/dη [11].
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Figure 5. The yield ratios of strange particles to pions measured in multiplicity selected pp collisions at
√
s =
7 TeV [11] and in minimum bias pp collisions measured at various energies by ALICE [12, 13] and STAR [14, 15]
as a function of dNch/dη.
dNch/dη. Such a study has recently be performed by the ALICE collaboration [11] (see right panel
of Fig. 5). Here it was found that the yield ratios of strange particles to pions observed in very high
multiplicity pp collisions are on the same level as the ones measured in peripheral heavy-ion reactions.
Also, the multiplicity dependence of these ratios turns out to be very similar in pp and pA collisions.
This is not at all trivial since the physics in a high multiplicity pp collision is quite different from
the one in pA at the same multiplicity. While in the first case a very rare and violent pp interaction
has to be involved, in the latter case the same multiplicity can be achieved by the much more likely
superposition of several soft pp collisions.
In the statistical model approach strangeness enhancement is described by the transition from a
canonical to a grand-canonical ensemble, which depends on the volume V0 of the system. In this pic-
ture a strangeness hierarchy is expected [16], i.e. the volume dependence gets stronger with increasing
strangeness content. Since such a hierarchy was observed in the multiplicity dependence [11], it is
natural to interpret the pp data in this way by assuming a relation V0 ∝ 〈dNch/dη〉. In fact, as reason-
able description of all particle ratios, with the notable exception of the φ/pi-ratio (other peculiarities
related to the φ-meson are discussed in Sect. 4), can be achieved within this model [17].
If this interpretation holds, the particle ratios should saturate for pp collisions at very high multi-
plicities when the grand-canonical limit is reached. As shown in Fig. 5, this might indeed already be
the case for the Λ/pi and Ξ/pi ratios, while for the Ω/pi it is rather still a continuous increase. Also, it
would be interesting to establish whether dNch/dη does provide an universal scaling variable for all
energies. Fig. 5 shows a comparison of the multiplicity selected pp collisions at √sNN = 2.76 TeV
to minimum bias pp reactions at lower energies. The minimum bias data points roughly follow the
trend, however, it would be worthwhile to examine the multiplicity dependence also at low energies
with good accuracy, in order to test whether really an universal scaling holds. In summary, the fol-
lowing questions would require further investigations:
• Does dNch/dη provide an universal scaling for system size dependencies (pp→ pA→ AA)?
• Is the relation of dNch/dη to the reaction volume the only relevant factor (look at other observables)?
• Does the multiplicity dependence match the transition from a canonical to a grand-canonical en-
semble at all energies?
• Is a saturation of particle ratios observed in very high multiplicity pp collisions?
4 Low energies and the φ-meson
Figure 6. Left: the yield ratios of strange particles to pions measured in pp and AA collisions at different centre-
of-mass energies [18]. Right: the widths of the rapidity distributions of the φ-meson measured at the SPS as a
function of the beam rapidity ybeam [19].
Also at the lower end of the energy spectrum many unresolved questions are remaining. These are
particularly important, since they are concerned with the behaviour of strange particles in a hadronic
medium, which need to be understood before any conclusions about the partonic phases of heavy-ion
collisions can be made.
A topic discussed since quite a while is the propagation of kaons in the medium. In low energy
AA collisions a significant difference between the inverse slope parameters of the pt spectra of K−
and K+ has been observed (T (K+) > T (K−)). Since the cross section of reactions with nucleons are
different (σ(K−) > σ(K+)) due to strangeness exchange reactions of the K−, the rescattering with the
hadronic medium should cause different freeze-out conditions for the two kaon species and thus can
explain the different slope parameters [20]. Also, the kaon-nucleon potential, which is expected to be
attractive for K− and repulsive for K+, can modify the inverse slope parameters. On the other side,
the unexpectedly high φ/K−-ratio at low energies (see right panel of Fig. 2) can also provide a natural
explanation for this observation. Since the feed-down from φ-decays at these energies is a substantial
contribution to the kaon spectra, it will also modify their shape. This affects more strongly the rarer
K− than K+ and thus will result in the different spectral shapes [21].
With its ss valence quark structure the φ-meson is effectively a strangeness neutral particle (S = 0).
Nevertheless, it behaves in many ways as if it would have a non-zero strangeness. The enhancement
factor for the φ is found to be between the ones for the Λ and Ξ (see left panel of Fig. 6), thus rather
behaving as a particle with an effective strangeness in the range 1 − 2. Another so far unexplained
observation related to the φ is the energy dependence of the widths of its rapidity distributions (right
panel of Fig. 6). In heavy-ion collisions, it broadens much stronger than for pi, K− and K+, which
is difficult to reconcile with kaon-coalescence being the main production mechanism for φ-mesons
[19]. Some important points to be clarified concerning heavy-ion collisions at low energies and the
φ-mesons are therefore:
• Do we understand the production and propagation of strangeness at low energies?
• Is there any evidence for a sequential freeze-out due to different cross sections?
• Does the medium also at low energy behave macroscopically and can fully be described by the
statistical model?
• Why does a non-strange particle behave so strange?
5 Hyperon interaction and hypernuclei
The investigation of hyperon-interactions is a crucial ingredient for the theoretical description of neu-
tron stars. It may in particular be relevant for the understanding of high mass neutron stars with
M > 2 M. One way to obtain informations is via two-particle correlations. The STAR collaboration
recently managed to extract a ΛΛ-correlation function in heavy-ion collisions [22] (see left panel of
Fig. 8). As the strong interaction between the Λ-pairs causes a deviation of the correlation function
from the quantum-statistical expectation of CΛΛ(Q = 0) = 0.5, one can infer information on the
scattering lengths and effective interaction ranges by comparing it to corresponding models. Using
the one by Lednický and Lyuboshitz [23], a weak repulsive interaction was inferred by the STAR
collaboration [22]. However, an alternative analysis [24] rather favours a weak attractive interaction.
Another important source of information on this subject are hypernuclei and more and more data
is becoming available. For instance, with the measurement of anti-hypertritons the STAR collab-
oration achieved the first observation of an anti-hypernucleus [25]. Generally, it is found that the
(anti-)hypertriton yields agree very well with statistical model expectations [26]. Since their binding
energy is very small, it is surprising that their yields are fixed in a chemical freeze-out environment
Figure 7. Left: the ΛΛ-correlation function measured in Au+Au collisions at RHIC [22]. Right: the S-wave
scattering length a0 and effective interaction range reff , as extracted from this correlation function with the model
by Lednický and Lyuboshitz [23].
with a temperature higher by about two orders of magnitude. Current measurements of the Λ-lifetime
from the decay of 3
Λ
H seem to indicate that it is slightly lower than the one of a free Λ, which would
be an indication for a modification of hyperon properties inside a nuclear medium.
The study of hyperon-interactions and their properties in nuclei has regained quite some momen-
tum recently with the measurements at RICH and LHC. High statistics data, in particular on double-
hypernuclei, which will become available in the near future with facilities such as FAIR, will allow to
address the questions listed below with much more precise information:
• What do we really know about hyperon-hyperon interactions?
• What is the possible contribution to the understanding of large-mass neutron stars?
• Why are the yields of very weakly bound objects (e.g. 3
Λ
H) so well described by the statistical model
(“snowball in hell”)?
• Are the properties of hyperons modified inside nuclei?
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